Abstract Channel morphology is triggered by transport capacity, velocity of water, volume and size of the supplied sediment. Changes in grain size, critical shear stress and bed roughness can increase transport capacity in response to high sediment supply where anthropogenic factors become important for fluvial dynamics through removal of bed materials. In a stable sand feeding condition, sediment transport may gradually increase towards river bed due to the increasing shear stress. When the sediments are removed naturally or anthroprogenically from river bed, sand feeding condition gets interrupted and generate hungry water. It also reduces the shear stress on convex slope. This situation creates an environment of sand-gravel mixture. This study aims to find out the relationship between grain size and bed shear stress in normal condition and depositional changes due to human intervention. Present research work has been conducted on three selected mining spots from three courses of Kangsabati River i.e. Sarenga (upper course), Mohanpur (middle course) and Palaspai (lower course), respectively. DuBoys equation and Shields formula (1936) has been taken to explain the mechanisms of shear stress and critical shear stress in connection to the course wise variation of the transport capacity of sediment in different mining and non-mining sites. Flow velocity was measured by floating method. Textural analysis of collected sediments was measured by sieve technique and GRADISTAT is used to determine the mean, shorting, peakness and skewness and G-STAT is used for CM and triangular diagrams of the grain size distribution. Result shows that critical shear stress is higher in Sarenga and gradually decreases towards Mohanpur and Palaspai. So, sediment erosion highly occurs in the upper portion of the basin and relatively lowers in lower course. Grain size distribution reveals that most of sediments are coarse in nature, well sorted and very leptokurtic in Sarenga while in Palaspai sand is medium sized, moderate well sorted and mesokurtic in nature. The coarse sediments are deposited by higher threshold value of bed mobility in Sarenga while medium particles are deposited due to lower threshold value in Mohanpur and Palaspai.
Introduction
Grain size studies on instream sediments give details information of the interior properties of sediment discharge and depositional environment (Folk and Ward 1957; Friedman 1979; Martins 1965) . Further, they imply flow resistance by altering the hydraulic characteristics near the bed of the channel (Leopold 1992; Jain and Kothyari 2009) . Various physical factors i.e. sediment transport, sediment aggregation and deposition, gravitational circulation played significant role to grain size distribution (Wai et al. 2004 ). High energy flow regime clog up coarser sediments while finer sediments found in low energy environment (Folk 1966; Friedman 1962 Friedman , 1967 Moiola and Weiser 1968) . Generally, river sediments segregated into two type of texture i.e. sandy silt and coarse grained, whereas in estuary system sediments are clayey silt and fine grained (Nair and Ramachndran 2002) . The grain size distribution is believed to be considered as several normal sub-populations representing the sediments transported by the process of rolling, saltation and suspension (Inaman 1952) . Several factors are strongly influence on textural attributes of sediments. They are source area composition of adjacent lands, climate, length and energy of sediment transport and redox conditions in the depositional environment (Bhatia and Crook 1986; Fralick and Kronberg 1997) . Textural attributes of sediments like, Mean (Mz), standard deviation (ó1), skewness (SK1), and kurtosis (KG) are widely used to reconstruct the depositional environment of sediments and sedimentary rocks (Komar 1998; Poppe and Elison 2007) . They have correlation between size parameters and transport processes/depositional mechanism of sediments. This relationship has been established by careful studies in many modern and ancient sedimentary environments (Folk and Ward 1957; Friedman 1962 Friedman , 1967 Visher 1969; Al-Saleh and Khalaf 1982; Asselman 1999; Angusamy and Rajamanickam 2006) . Study on various sand deposition environment found that when skewness of distribution was plotted against mean size (u value), the dune sands, ocean beach sands and the lake sands presents a clear complete separation. Friedman (1962) and Moiola and Weiser (1968) pointed out that kurtosis and skewness of a given sediment sample when plotted against each other is an efficient tool to differentiate the deposition character of sediments.
Entrainment of sediment is occurs when shear stress has exceeds of the critical shear stress. It could potentially effects erosion of channel bed or banks (Buffington and Montgomery 1997; Church 2006; Charlton 2007) . DuBoys equation helps to determine boundary shear stress. Shear stress exerted on the channel bed as water moves down to increase flow depth and channel steepness (Mueller et al. 2005; Church 2006 ). Shelting, imbrications, armoring, and other sorting processes in turn controlled by critical shear (Charlton 2007; Clayton 2010) . Friction angle changes with the size of the grains and it requires higher critical shear stress to be entrained (Wiberg and Smith 1987) . Sediment sorting a poorly sorted substrate having heterogeneous grains shows high resistance across the channel bed, while a well-sorted substrate having homogenous grains showing low resistance across the channel (Mueller et al. 2005) . Similar situation have been identified in Kangsabati River in West Bengal. Therefore, the present study attempts have been made to explain the available shear stress in different course of the stream during pre-monsoon and monsoon. Fig. 1 ). This alluvial river exhibits dendritic to subdendritic drainage pattern. The basin is segregated on the basis of physiographic divisions into six divisions; three comes under the study area. Geologically the study area is constituted by various stratigraphic units, ranging from the oldest Archaeans (pre-Cambrian) to the younger Tertiary-Quaternary formations (Mukhopadhyay 1992) . Land use types are distinctly governed by physiographic and climatic characteristics with natural and planted forest. The present investigation is confined to course wise three physiographic regions because naturally deposited sands are extracted from instream and floodplain areas leading to irregular changes in the river bed.
Materials and method
90 sediment samples including 10 (pre monsoon), 10 (monsoon) and 10 (post monsoon) from each station were collected. The samples were repeatedly washed, dried and thoroughly mixed. By successive coning and quartering on a piece of paper a specific weight about 50 gm was taken for analysis. Dry samples were placed in the uppermost sieve and covered in a set of stacked sieves (16Ø-1Ø). The set of sieves was then placed on standard ASTM Erode colt sieve at half phi intervals. The sample was then sieved for 15 min in ro-top mechanical sieve shaker using a standard ASTM Erode colt sieve. The sand that remained on each sieve and pan was collected and weighted using a digital balance having an accuracy of 0.0001 gm. Mean (MZ), Sorting (ó 1), Skewness (SK1) and Kurtosis (KG) of the sediment distribution were measured by GRADISTAT. The grain size parameters like frequency curves scatter plots, triangular and CM diagram were drawn and analyzed by G-Stat software (Dinesh 2009 ). where ó is the water density (1.00 g/cm 3 ), g is the gravitational acceleration, d is the hydraulic radius (mv) and s is the slope.
The critical shear stress has been calculated following Shields (1936) formula;
where K is a constant (0.045), g is gravitational acceleration, ós is sediment density typically 2.65 gm/cm 3 (Knighton 1998 ) and ó is water density and D is the median grain size in meter.
Result and discussion
Grain size character
Mean (MZ)
Average size of sediments is represented by mean and is influenced by the source of supply, transporting medium and the energy conditions of the depositional environment (Visher 1969; Sly et al. 1982) . Average kinetic energy, velocity of depositional agent is indicated by mean size (Sahu 1964; Rao et al. 2005; Ramaamohanarao et al. 2003) . From the given Table 3 , mean grain is coarser during monsoon than pre and post monsoon due to voluminous supply of sediments. Texturally, the sediments of Kangsabati River are finer to silt and coarse grained, whereas in lower course the sediments are finer grained to clayey silt (Wolanski 1996) . More than (50 %) of the sediment samples comes under moderate class (value) in Palaspai during post monsoon (Fig. 2c) . Rests of the samples are coarse due to low and moderately low energy condition. Remaining finer sediments are mostly deposited at a moderate energy condition during monsoon in Sarenga.
Grains of mining sites are represents gradual decrease of range in mean size than non mining sites. The gradual decrease in range of mean size clearly exhibits that the gradual increase in energy condition of fluvial regime towards mining sites.
Sorting (ó 1)
Standard deviation is expressed by sorting of sediments and it indicates the fluctuations in the kinetic energy or velocity (Sahu 1964) . The sorting variation observed to the difference in water turbulence and variability in the velocity of depositing current (Ramanathan et al. 2009; Rajamanickam and Gujar 1985, 1993; Rajamanickam and Muthukrishnan 1995; Angusamy and Rajamanickam 2006) . From Table 3 , it is observed that most of the sediment are moderately well sorted and moderately sorted during monsoon and post monsoon in Mohanpur, while most of the samples are moderately sorted during post monsoon in Palaspai. Well sorted sediments are highly concentrated during pre monsoon and monsoon season in Sarenga and Mohanpur (Fig. 2a, b) . So, coarse sediments tend to show deterioration in sorting whereas fine size grain concentration (Anithamary et al. 2011) . Variation of sorting values is high in mining sites (Fig. 3) due to continuous addition of finer/coarser materials in varying proportions.
Skewness (SK1)
It reflects the symmetry or asymmetry of the frequency distribution of the sediments. Sign of skewness is related to environmental energy. Upper and middle course are dominated by fine to very fine skewed distribution while lower course belongs to equally distributed skewness. Mining sites has more interred changeable skew than nonmining sites due to sediment interruption (Fig. 4) . The samples collected from Sarenga and Mohanpur during premonsoon and monsoon are characterized by negative skewness but most of the samples in Palaspai during postmonsoon are positively skewed (Table 2) . Coarser sediments (negative skewness) are correlated with higher energy and winnowing action (removal of fines) and finer grained (positive skewness) with low energy levels. In unidirectional transportation process if the sediments are positively skewed and the energy level is low, the sediments get deposited by sheltering effect. This phenomenon is seen in the upper course of River Kangsabati at Sarenga during post monsoon.
Kurtosis (KG)
Kurtosis play a vital role to distinguish sediments in various environments as explained by Duane (1964) . It is also functional of internal sorting or distribution. Friedman (1962) suggested that extreme high or low values of kurtosis means that part of the sediment achieved its sorting elsewhere in high energy environment. Several kurtosis values reflect the flow characteristics of the depositing medium material (Seralathan and Padmalal 1994; Baruah et al. 1997) . Nearly 80 % of the sediments samples are platykurtic and Mesokurtic during premonsoon and monsoon in Palaspai while leptokurtic samples are found in Mohanpur and Sarenga during post monsoon (Table 3) . Most of the finer sediments are platykurtic in nature due to aggregation of sediment particle size by compaction process and which results the maturity in the sand.
Bivariate scatter graphs of grain size parameters
Scatter graphs are measured through bivariate plotting of different grains. It explains certain grain size in relation to energy conditions, medium of transportation, mode of deposition, etc. Bivariate plots are presenting reliability of differences in the fluid flow mechanisms of sediment transportation and deposition (Sutherland and Lee 1994) . Relationship between mean grain size and sorting is presented in Fig. 5a . Clustering in medium sized and moderately well sorted grains are found during analysis. Mean grain size and sorting are controlled by stream hydraulics. Sediments are moderately well sorted and very fine skewed towards higher fractions (Fig. 5b) . In contrast, moderated well sorted to well sorted sediments are mainly clustered around fine to very fine grain and have negative skewness value. Plotting of skewness against kurtosis is a powerful tool for interpreting the genesis of sediment (Fig. 5c ). The result shows that the sediments from upper, middle and lower course of Kangsabati River lie within the negative skewness. Mixing of different graded sediment has one predominant population. But in platykurtic class most of the sediments are slightly positive skewed. Therefore, mixing sands consists of predominant coarser to finer population.
Triangular diagram
Sediment classification has been done by plotting the percentage of sand, silt and clay in a triangular diagram proposed by Folk 1966 . Further, data presentation of sediment samples is simple and facilitates rapid classification of sediments and comparison of samples by Blott and Ply method (2012) . In lower course of Kangsabati River, nearly 85 % of the sediment samples are of moderate sand and 15 % samples fall under coarse sand category (Fig. 6d) . Maximum coarse sand lies in upper and middle course. The sediment samples of monsoon season are characterized by high proportion of sand than silt and clay. So, particles are medium to finer during pre-monsoon and post-monsoon than in monsoon season. 
CM diagram
First percentile of coarse grain size (C) and median size of sediment samples (M) show the grain size, transporting mechanism and depositional environment in respect to size, range, and energy level of transportation. It also determines process and characteristic agents that are responsible for the formation of fluvial deposits (Passage 1964; Visher 1969) . In the present study an attempt has been made to identify the mode of deposition of the sediments in Kangsabati River by CM patterns. First percentile of coarse grain size (C) and Median (M), both are plotted with half phi interval graph of the C and M, obtained from cumulative curves in microns which represent suspension, saltation and surface creep or rolling modes of transport mechanism. The relation between C and M is the effect of sorting by bottom turbulence and shows that entire sample fall tractive current deposits under the suspension and rolling process in Sarenga. In Mohanpur it receives more beaches to tractive current deposit under bottom suspension and rolling process. Whereas tills deposit are accumulated by pelagic suspension process in Palaspai.
Shear stress
Shear stress plays a crucial role for particles movement or deposition at the river bed. When the shear stress is greater than critical shear stress it reaches to threshold point. This indicates entrainment of sediment, which could potentially result in the degradation of the bed or banks (Buffington and Montagomery 1997; Church 2006; Charlton 2007) . In case of shear stress, particles especially gravels are usually (Passage 1957 (Passage , 1964 and Tractive current deposits plot in upper, middle and lower course sites deposited in the river bed. But the shear stress of the particles which moving towards, exceeding to the critical shear stress may transport by different ways depending on the flow condition, sediment size, fluid and sediment densities and the other ways of channel conditions (Seetharamaiah 1989) . At relatively low shear stress, the particles roll or slide with continuous contact with the bed. Some particles are gradually reduced their size and shear stress, as a result this particles roll or slide with continuous contact with the bed. For further increase in shear stress, some particles are sudden losses the contact with bed and hop or bounce towards the direction of flow (saltation load) but the presence of turbulence fluctuation the reaming particles may go in suspension as well as transported towards downstream (suspended load) (Fig. 7) . Course wise available shear stress and critical shear stress for different grain size for monsoon and premonsoon seasons have been calculated (Table 4) and results shows that during pre monsoon and post monsoon in Sarenga, Mohanpur and Palaspai available shear stress is less than critical shear stress. In the lower course of the river, it is affected by pool-riffle alternation process. Shear stress during monsoon is swifter and stronger than post monsoon in Palaspai. During monsoon period (Fig. 8b ) the shear stress is more than critical shear stress and a particular grain causing easy landward move. But pre-monsoon shear stress is less than critical shear stress which hinders easy clearance of sediments causing the sedimentation in Mohanpur and Sarenga (Fig. 8a) . In case of some sediment samples though the critical shear stress is less than available shear stress but sedimentation happens. It is due to the other factors like sheltering, imbrications, packing of grains, grain fabric effects, adhesion forces and organic mats. Generally critical shear stress for entrainment decreases with decrease in grain size but in case of particle sizes less than 0.2 mm, the threshold stress needed for entrainment and are submerged in the laminar sub-layer and therefore, not subject to greater stresses associated with turbulent flow. In poorly sorted sediments resistance may vary across the channel bed depending on the coarseness of the sediments in one region to another, while well sorted sand has a homogenous resistance across the channel. Frictional angle changes with the grain size of the two surrounding grain sizes and sheltered particles may require higher critical shear stress to be entrained.
Conclusion
Sediment deposits are the result of combined effect of sediment transport and stream hydraulic in connection with the grain size distribution and energy fluctuation between upper course and lower course during pre-monsoon and monsoon seasons. The history of transportation reflects the mode of suspension, rolling and also indicating the complexity in the deposition processes. Most of the sediments are transported by graded suspension and suspension with rolling as indicated by CM pattern. The granulometric analysis of sediments indicates course wise wide gradation of mean grain size in different seasons. Grain size distribution reveals that most of sediments are coarse in nature, well sorted and very leptokurtic in upper course (Sarenga) while lower course (Palaspai) has mostly medium sand, moderate well sorted and mesokurtic in nature. The sorting behavior indicates that the sediments are transported mostly from upper course during monsoon period. The predominant positive skewness and mesokurtic to leptokurtic nature of the sediments indicate the deposition of sediments in low energy condition and continuous addition of finer or coarser materials and retention of their original characters during deposition. Deficit of available energy than the critical energy to transport a particular grain size during post monsoon is the main reason behind the rapid sedimentation in Mohanpur and Sarenga. The coarse sediments are deposited by higher threshold value of bed mobility in Sarenga while finer particles are deposited due to lower threshold value in Mohanpur and Palaspai. Critical shear stress is higher in Sarenga and gradually decreases in Mohanpur to Palaspai. So, sediment erosion is high in the upper portion of the basin and relatively low in the lower portion.
